Abstract -Detailed meiotic studies have been carried out in three populations of Pennisetum orientale collected from the Mall, Chail and Tara Devi hills in Simla. The cytological investigations revealed the presence of two chromosome numbers i.e. 2 n=36 and 2n=54. With base number x=9 known for the species the two cytotypes exist at tetraploid and hexaploid level. The tetraploid plants were found in all the three populations. However, the hexaploid plant was found growing along with the tetraploid plants in the Mall population. While the two cytotypes could not be distinguished morphologically, cytologically they showed contrasting behaviour of chromosomes. Meiosis in the hexaploid cytotype was normal with regular bivalent formation observed in all the cells studied. Whereas in tetraploids meiosis was highly erratic and followed more or less similar course in all the three populations. It was characterized by the presence of hexavalents and octavalents at diplotene/ diakinesis. How ever, quadrivalents ( upto 9) followed by trivalents were the most common bigger associa tions observed. Significant variation existed in the type and frequency of multivalents in the cells within and between anthers of similar plant which was associated with a drastic cell-to-cell variation in chiasma frequency. While the presence of upto 9 quadrivalents per cell point towards the autotetraploid nature of the species, being reported for the first time, the pres ence of hexavalents and octavalents point towards interchanges superimposed on autopolyploidy. Details of the chromosomal behaviour in the two cytotypes is discussed.
INTRODUCTION
Polyploidy has been a major force in evolution, particularly in plants ( SoLTIS and SOLTIS 1995) . It is estimated that about one third of all vascular plants are polyploids, although the frequency may be higher in certain groups like grasses where about 70% of the species are reported to be polyploids (M UNTZiNG 1956; GUPTA 1995) . Of the two types of polyploids i.e. allopolyploids and autopolyploids while the former has been most commonly observed, the latter has been reported in less number of species. In an extensive review of literature on autopolyploids MUNTZING (1936) , RAMANUJAM and PARTHASARTHY (1953) , MEHTA and SWA-MINATHAN (1957) and GUPTA (1995) have em phasized the importance of autopolyploidy in evolution.
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Among the grasses both natural and experimental autopolyploidy has been reported in taxa like Anthoxanthum odoratum (KATTER-MANN 1931) , Dactylis glomerata (MUNTZING 1933 (MUNTZING , 1936 (MUNTZING , 1937 MYERS and HILL 1940; Mc-COLLUM 1958) , Hordeum bulbosum (MORRISON and RAJHATHY 1960) , Arrhenatherum elatius (KATTERMANN 1931; MYERS and HILL 1940; MORRISON and RAJHATHY 1960) , Agropyron cristatum (PETO 1930; MYERS and HILL 1940) , wheat (DORSEY 1936; MORRISON and RAJHATHY 1960; DVORAK et al. 1973) , rye (BRESLAVETZ 1939; MORRISON and RAJHATHY 1960) , Phleum pratense (MUNTZING and PRAKKEN 1940; MYERS 1941 MYERS , 1944 , oats (MORRISON and RAJHATHY 1960) , Zea mays (RANDOLPH 1932) , rice (MA-TUSIMA 1935) , Cynodon dactylon (GUPTA and SRIVASTAVA 1970) and Lolium perenne (MYERS 1945) . All these workers observed a high frequency of multivalents at meiosis in these spe cies.
Cytological studies of naturally occurring autopolyploids are of both theoretical and practical importance (MYERS and HILL 1940) . A comparison of the meiotic behaviour of plants representing different species or the same species should throw light on the effect of natural selection in chromosomal behaviour. Besides, such information will be valuable for comparison. From a practical stand point, a varietal improvement programme can be outlined effectively when the cytogenetical behaviour of the species is understood (MYERS and HILL 1940) .
The present report deals with the cytological behaviour of three populations of natural autotetraploid grass Pennisetum orientate with 2n=4x=36. Besides, a limited study was made of meiosis in one population of hexaploid (2n=6x=54) cytotype of the same species.
Pennisetum orientate is one of the most common grasses found growing on stony slopes, screes and rocks of the himalayan region. Besides having forage value (PATIL et al. 1962) , this grass is considered to be an excellent soil binder (BoR 1960) . A detailed cytological investigation of various autotetraploid populations and one hexaploid population of this species constitute the subject matter of this paper.
MATERIALS AND METHODS
Whole spikes or panicles of materials collected from three different locations in Simla (i.e. The Mall (M), Chail (C), Tara Devi hills (TD)) were fixed in 1:3 acetic alcohol for 24 hours and anthers squashed in 2 per cent acetocarmine. Photomicrographs were obtained from temporary preparations. The pressed specimens of the studied populations are available in the herbarium of Delhi University, Delhi, India.
RESULTS
Cytological studies in plants collected from three locations in Simla i.e. Mall (M), Chail (C) and Tara Devi hills (TD) revealed two chromosome numbers i.e. 2 n=36 and 2n=54. While 36 chromosome carrying plants were observed in all the three populations, a plant with 54 chromosomes was found growing alongwith the plants with 36 chromosomes collected from Mall. The two were morphologically indistinguishable. The details of chromosomal behaviour in the two cytotypes stud ied follows.
Meiosis in plants wit 2n=36
Meiosis in all the plants was highly erratic and followed more or less similar course. It was characterized by the presence of a range of multivalents besides the bivalents. Tables 1 and 2 sum up the frequency and the average number per pollen mother cell (PMC) of various chromosomal associations at diplotene/ diakinesis and the first metaphase.
From the tables it can be noticed that while hexavalents and octavalents are the bigger associations observed in 14 and 14.51 per cent cells at diplotene/ diakinesis stage in Chail and Tara Devi hill collections (Figs, la, 2e) , in the Mall collection hexavalents (3.07 per cent cells) were the bigger associations seen. Although bigger associations were apparent in many cells, their overlapping and clumping tendency made the accurrate analyses of the frequency of such associations difficult. Therefore, only the nuclei with well separated chromosomes were recorded in the present study. A critical study showed quadrivalents followed by trivalents to be the most common bigger associations present (Figs, la-f, 2a-f) with PMCs within and/ or between different anthers of the same plant, showing drastic variations with respect to the number and type of associations present. The quadrivalents, barring a solitary cell, existed in all the PMCs studied whether at diplotene/diakinesis and/or at metaphase-I stage. Their average number per PMC recorded in the three populations i.e. M, C and TD was 4.63, 3.94 and 4.19 at diplotene and 3.30, 4.19 and 3.29 at metaphase-I stage, respectively. The trivalents were observed in 29.75, 40.74 and 15.78 per cent cells and their average number per PMC recorded was 0.83, 0.34 and 0.20 at diplotene/ diakinesis and 0.04, 0.52 and 0.12 at metaphase-I, respectively. Interestingly, while in 13.22, 11.11 and 21.05 per cent cells, either at diplotene and/or at diakinesis, 36 chromosomes were associated into 7 to 9 quadrivalents (Figs. 2a, d) , in only one cell out of a total of 81 studied in Chail collection was the regular formation of 18 bivalents ( Fig. 2g) observed. The quadrivalents were of chain and ring types. However, the rings were present predominantly; trivalents were mostly of chain types. Likewise, the associations of 6 and 8 chromosomes wherever observed appeared either as zig-zag or as chain structures (Figs, la, 2e) .
In addition to the PMCs having multivalents and bivalents, some were observed with one or more univalents at diplotene and metaphase-I stages (Tables 1 and 2 ). The maximum number of univalents recorded in any cell was 4 and the percentage of nuclei showing one or more univalents was higher in Mall population (77.68 per cent cells) followed by Chail and Tara Devi populations with 70.37 and 15.78 per cent PMCs showing univalents.
Owing to variability in the frequency of univalents and multivalents in different PMCs, the chiasma frequency varied drastically from cell to cell. The chiasmata were mostly terminal in position and their mean number per PMC recorded at diplotene and metaphase-I stages in M, C and TD populations, respectively, was 32.55±2. 25 and 30.44+2.44, 32.82+2.58 and 30.16+2.22 and 32.30±2.19, 29.65±1.30 .
The predominance of multivalent associations and univalents in early meiotic stages upsets the anaphase-I stage which was characterized by the presence of 1-4 lagging chromosomes (Figs. 2h, 3a) , occasional bridges with laggards/fragments (Fig. 3b) and unequal segregation of chromosomes to the two poles (Figs. 2i, 3a) . Tables 3 and 4 sum up the frequency of cells with varying number of lagging chromo- somes and different segregation patterns. The lagging chromosomes existed upto telophase-I stage where they appeared as darkly stained chromatin bodies (Fig. 3c) . Due to abnormal meiotic behaviour, the pollen stainability recorded was almost nil in all the populations studied.
Meiosis in plant with 2n=54
Meiosis in this cytotype, unlike the cytotype with 2n=36, was normal. Although due to pau city of materials all the meiotic stages i.e. metaphase-I, anaphase-I and the pollen stainability could not be studied, the regular formation of 27 bivalents (Figs. 3d,e) was clearly discernible in all the PMCs studied at diplotene stage. The mean chiasma frequency recorded for this plant was54±2.67.
DISCUSSION
The present studies on Pennisetum orientale are interesting in that a tetraploid (2 n=36) and a hexaploid (2 n=54) cytotype, based on x=9 known for the species (PATIL et al. 1962) , have been isolated which, interestingly, showed con trasting behaviour of chromosomes. Secondly, autotetraploid nature of the species is being reported for the first time. While the meiosis in hexaploid was normal as reflected by the presence of regular 27 bivalents in all the cells stud ied, in the three populations (M, C, TD) studied of tetraploid cytotype, it was highly erratic and followed more or less similar course. Preponderance of quadrivalents and trivalents besides bivalents and univalents was the common feature. And in 10.76,4 and 8.06 per cent PMCs at diplotene and/or diakinesis all chromosomes formed 9 quadrivalents. This apart, bigger associations involving 6 and/or 8 chromosomes were also observed in 3.07, 14 and 14.5 per cent cells at diplotene/diakinesis in M, C and TD populations, respectively. Regular formation of 18 bivalents was a rare feature observed only in a solitary cell at metaphase-I in Chail population. Based on the high frequency of quadrivalents (upto 9) in a cell while the tetraploid cytotype can be labelled as an autotetraploid with translocations imposed on it as evidenced from the presence of hexavalents and octavalents, it is rather difficult to comment on the nature of polyploidy involved in the hexaploid cytotype for which no earlier account is available on chromosomal behaviour during meiosis for comparisons. Although on the basis of regular formation of 27 bivalents it may be labelled as an allohexaploid, the present taxa being an autohexaploid can also not be ruled out. This is on account of the fact that triploid cytotypes with 27 chromosomes are known for the species (NARAYAN 1962; MEHRA et al. 1968 ) which on spontaneous doubling of chromosomes can re sult in an autohexaploid or at best an autoallohexaploid showing diploid like behaviour. Further, autopolyploids showing perfect bivalent formation have been recorded in a number of taxa and such diploidized behaviour of a polyploid has been attributed to (1) the presence of pairing correction mechanism as observed in allohexaploid wheat (2 n=6x=42) (JOHN 1990) , (2) chiasma number and distribution being under strict genetic control as observed in Allium porrum (LEVAN 1940) and colchicine-induced tetraploids of Triticum monococcum (GILLIES et al. 1987) , (3) the lack of involvement of all the members of a homologous set in pairing (T IM-MIS and REES 1971) and, (4) large scale chromosomal differentiation and selection such that eventually only bivalents are produced (MYERS and HILL 1940) .
However, the most striking feature observed in the present study is the variability that occurs between the PMCs within and between differ ent anthers of the tetraploid plants. In any autotetraploid generally the number of quadrivalents formed in each cell is expected to be equal to the haploid chromosome number as the identical set of chromosomes is replicated four times. However, in the present materials this has not been so. The quadrivalents varied in number from 1-9 in M and TD populations and 0-9 in Chail population. Besides, the frequency of trivalents, bivalents and univalents also var ied. Such variations were accompanied by changes in chiasma frequencies which ranged from 25-36, 27-36 and 29-37 at diplotene in M, C and TD populations, respectively. Cell-to-cell variations in the frequency of chiasma and/or the multivalent association have been recorded in a number of plants both diploid and poly-ploid (MYERS 1943; McCoLLUM 1958; KODURU and RAO 1981) and attributed to several factors. REES (1962) while working on rye, ascribed cell-tocell variations in chiasma frequencies to the difference in physiological conditions particularly the nutrient levels in the different regions of an anther and to different times at which the PMCs of different regions of anthers enter meiosis. WAGENAAR (1964) assigned these variations to the differences in expression of genes between various anthers. According to him these variations are due to the influence of modifying factors. The effect of environment, particularly the temperature, which considerably influence the chiasma formation and thus the pairing, have also been suggested (SWANSON 1957) as a cause to introduce such variations. McCoLLUM (1958) while working on autotetraploid Dactylis glomerata attributed cell-to-cell variations in multivalent frequency to differentiation of natural environment for example the physiological gradient. MYERS (1943) associated cell-to-cell variations in chiasmata frequency with cell-to-cell variation in multivalent frequency.
Since the chiasma formation and chromosome pairing is established as a gene controlled process (PRAKKEN 1943; KODURU and RAO 1981) , there is, therefore, not much disagreement over the fact that any variability in the genes controlling chiasma formation can considerably influence the chiasma frequency and through it effect the pairing behaviour of chromosomes and/or the formation of various associations. In the present materials although the cell-to-cell variations within the same anther could be the result of several events, physiological and/or genetic, working together, the role of chiasma frequency variations in generating cell-to-cell variations in the multivalent frequency was clearly apparent. This was so because multivalents appeared to show dependence on chiasma frequency. For example, in the ring quadrivalents a minimum of 4 chiasmata were observed, whereas in chain quadrivalent 3 chiasmata were invariably observed. Accordingly, any cell-to-cell variation in the frequency of different types of multivalent associations was a consequence of change in chiasma frequency. Accompanying changes in chiasma number is the change in position of chiasmata. Early terminalization of chiasmata not only reduce the overall chiasmata number but also cause the formation of various chromosomal configurations not present in initial stages of meiosis. For example, early terminalization can cause a quadrivalent to resolve into a trivalent and a univalent, two bivalents and/ or four univalents. Perhaps early terminalization of chiasmata could be the reason for the presence of trivalents and univalents and the absence of high frequency of quadrivalents at metaphase-I.
Owing to high frequency of multivalents and univalents in early stages of meiosis, although in 41 to 48 per cent cells normal anaphase-I segregation of chromosomes was observed, in the rest the full complement of chromosomes failed to reach to the two poles. This was reflected in the presence of unequal segregation of chromosomes and the presence of lagging chromosomes at anaphase-I. The presence of a bridge and the laggard in occasional cells suggest the plant to be heterozygous for one inversion with a bridge and laggard arising as a re sult of cross over within the inversion.
Interestingly, despite showing normal segregation of chromosomes in fairly good number of PMCs the pollen stainability was almost nil. This could be either due to some physiological defect or else could be the result of adjacent type of disjunction of chromosomes involved in multivalents, formed as a result of translocations, which result in duplicated-deficiency gametes (BURNHAM 1956) .
A comparison of our data with the previ ously published data (PAT IL et al. 1962; MEHRA et al. 1968; MEHRA and REMANANDAN 1973; MEHRA and SHARMA 1975; BIR et al. 1987; KOUL and GOHIL 1989) have revealed signifi cant differences in the behaviour of chromo somes in the tetraploid cytotype. Presence of an occasional and/or a very low frequency of quadrivalent per PMC has been invariably re ported (PATIL et al. 1962; MEHRA and REMANANDAN 1973; MEHRA and SHARMA 1975) . And based on the preponderance of bivalents accompanying a low frequency of multivalents these plants have been labelled as segmental allopolyploid in which some sets of four chromosomes might be structurally homologous and able to form quadrivalents (STEBBINS 1950; PA-TIL et al. 1962) . Such differences could be at tributed to sampling error or to personal judge ment of clumped or crowded chromosomes at meiosis. Also, the earlier studied populations to begin with may have been an autopolyploid in which strong chromosomal differentiation had led to the formation of a high frequency of bivalents. This view is based on the fact that in autopolyploids due to highly erratic behaviour of chromosomes which affect the survival capa bility or ferility of a plant there is a continued selection for high fertility resulting in the drop of multivalent frequency. As such, an autopolyploid which forms multivalents with a relatively high frequency at the time of their origin may shift to the bivalent type of synapsis (MORRISON and RAJHATHY 1960) . In the present materials there seems to be a progression towards diploidization through chromosomal differentiation as is evident from the presence of inversion bridges and interchanges. However, this differentiation does not seem to have proceeded very far. Such shift from multivalent formation to a diploid like behaviour is of considerable agricultural importance in grain crop and particularly the annuals which are dependent entirely on seed for survival every year (MYERS and HILL 1940) . In perennials, like Pennisetum orientale, the selection for high fertility resulting from more regular meiosis would be of less importance than annuals as it is a facultative apomict (BoR 1960) and, therefore, is not completely dependent on sexual generation each year as are the annuals. This may account, in part at least, for the fact that the species reported to behave cytologically as autopolyploids in the family Poaceae are perennial with well entrenched mode of vegetative reproduction.
